NASA TM X- 67993 


^ ¥ 2-16566 


NASA TECHNICAL 

MEMORANDUM 


NASA TM X- 67993 



92 Zr(d, p) 93 Zr and 92 Zr(d,t) 91 Zr 

N. Baron, C. L. Fink, P. R. Christensen, 
J. Nickels, and T. Torsteinsen 
Lewis Research Center 
Cleveland, Ohio 


TECHNICAL PAPER proposed for presentation at 
American Physical Society Meeting 

San Francisco, California, January 31 - February 4, 1972 


E-6738 


92 Zr(d,p) 93 Zr AND 92 Zr(d, t) 91 Zr 
by N. Baron, C. L. Fink, P. R. Christensen, 
J. Nickels, and T. Torsteinsen 


The structure of 93 Zr and 91 Zr was studied by the stripping reaction 
92Zr(d,p)93zr and the pick-up reaction 92Zr(d, t) 9 ^Zr using 13 MeV incident 
deuterons. The experiment was performed at the Tandem van de-Graaf facil- 
ities of the Bohr Institute and the University of Pittsburgh. The 9 ^Zr 
targets used were isotopically enriched and were about 0.7 mg/cm^ thick. 

The reaction product particles were detected using a AE X E counter tele- 
scope. The front transmission counter was a 51 micron thick, silicon sur- 
face barrier type. The rear stopping counter was a 3 millimeter thick, 
lithium drifted silicon surface barrier type. The solid angle subtended at 
the target by the counter telescope was 2. 75x10"^ steradians. 

In figure 1 is shown a block diagram of the electronic circuit used to 
process the detectors' output signals and is seen to be quite conventional. 
Reaction product protons, deuterons, and tritons were identified and the 
identification signals were used to rout the energy sum signals of these 
three different types of particles into different 1024 channel quadrants 
of a 4096 channel PHA memory core. 

The outputs of a dual pulser, which were adjusted to simulate a triton 
signal, were fed into the front ends of the AE and E preamplifiers, and 
the sum signal was collected in the triton portion of the PHA. The pulser 
was triggered to fire by the monitor counter. The system deadtime was ob- 
tained by comparing the monitor (or pulser trigger) counts with the PHA 
stored pulser counts. The pulser setting was unchanged throughout the ex- 
periment, and its sum signal was observed to fall in the same channel for 
all the runs. This provided evidence of no significant electronic drifts 
throughout the course of the experiment. Consequently, one linear energy 
calibration curve was generated using the ground state centroids for the 
(d,p Q ), (d,d 0 ), and (d,t 0 ) levels from all of the runs. However, the 
quoted excitation energies of the observed levels should not be trusted to 
better than +10 keV. 

In figure 2 are shown some typical spectra from the reactions 
92 Zr(d, p) 93 Zr and 9 ^Zr(d, t)91-Zr. The overall experimental resolution was 
35 to 45 keV F.W.H.M. Each spectrum was analyzed by a nonlinear least 
squares peak fitting program(l) which included a background search. The 
absolute magnitudes of the cross sections were calculated using the meas- 
ured integrated incident charge, solid angle, and target thickness. It is 
estimated that the quoted absolute cross sections are uncertain by ±10$. 

Spin and parity assignments to the observed excited levels were made 
by comparing the experimental angular distributions with distorted wave 
Born approximation (DWBA) calculations. The DWBA computer program used 
was DWUCKA 2 ). In figure 3 are shown the optical potentials used for cal- 
culating the bound state wave function, the proton optical potential, which 
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is that of Greenlees and Becchetti(^) , and the triton optical potential ( . 
The deuteron optical potential is also shown here and was obtained from the 
deuteron elastic cross sections that were measured in this experiment. 

92Zr(d,p)93z,r 

In figure 4 are shown the measured angular distributions compared to 
the DWBA calculation which agrees best with the data. Since most of the 
expected strength of the 2d shell was found in the ground state and first 
excited state, all other A7 - 2 transitions were assumed to populate 3/2+ 
levels. The levels populated in this stripping reaction are assumed to be 
those predicted by the shell model. Consequently, having determined the 
momentum transfer, A l, the correct spin can be inferred with reasonable cer- 
tainty since there is little ambiguity in the shell model predicted spin for 
a given l in this region. 

In figure 5 are tabulated the excitation energies, momentum transfers, 
assumed spin and parity assignments, and spectroscopic strength factors for 
44 of the observed excited levels in 93Zr which were made on the basis of 
the DWBA calculations. In figure 6 are pictured the spectroscopic strengths 
for each level belonging to a given shell, and the total strength for that 
shell drawn at the energy center of gravity of the several levels. Up to 
an excitation energy of 4.84 MeV in 93 Zr, essentially all of the expected 
strength was obtained for the 2^j2, ^ s i/z> 2^3/2> and lgy/g shells. The 
energy centroids of these shells were computed to lie at 0.003-, 1. 21-, 

2.23-, and 2.36-MeV respectively in 93 Zr. In addition, there was found 
43 $ of the lhqq/g strength, 21$ of the 2f -j strength, and 3$ of the ex- 
pected 3p 3 /2 strength. The energy centroids of these shells were calcu- 
lated to lie above 2.31-, 3.84-, and 3.57-MeV respectively in 9 ^Zr. 

9 ^Zr(d,t) 9 - 1 -Zr 

In figure 7 are shown the measured angular distributions compared to 
the DWBA calculated distributions which agree best with the data. 

In figure 8 is shown the experimental angular distribution for the 
1.196 MeV level in 9 ^-Zr compared to DWBA calculations assuming a momentum 
transfer of 0 and 2. The calculation assuming a momentum transfer of 2 is 
clearly, in better agreement with the experimental results. This level has 
been assigned previously a spin and parity of l/2+( 5, 6, 7, 8, 9, 10) . The as- 
signment quoted in the (d,t) work of ref. 8 was inferred from the assign- 
ment given a level at about the same energy from the reactions 
9Qz,r(d,p)^- 1 -Zr (8,9,10), 91zr(p, p' ) ^Zr (^7, and ®®Sr(a,nir) 9 - 1 -Zr (w. Con- 
sequently, it is surprising that the angular distribution for this level 
is best described by a DWBA calculation assuming it to be 5/2+ and a sig- 
nificant spectroscopic strength of 0.29+0.06. If this is true, then either 
this is not the same level reported at 1.204 MeV which was observed in the 
(d,p), (p, p'), and (a,ny) work and found to have a spin and parity of l/2+, 
or else that spin and parity assignment is incorrect. In view of the almost 
overwhelming evidence for a l/2 + level at about this energy, it is reason- 
able to question the accuracy of the present (d,t) data. However, this data 
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was taken at both the tandem facility of the Niels Bohr Institute and the 
tandem facility of the University of Pittsburgh using different targets of 
®^Zr , and the two sets of cross sections obtained at each facility are in 
excellent agreement with each other. Other evidence for the accuracy of 
the magnitude of the cross sections can be obtained from the (d,t) measure- 
ment of ref. 8. Although that 9^Zr(d,t) 91zr measurement was made at only 
one angle, a spin and parity assignment of l/2+ for this level was made be- 
cause its energy corresponded to that for a l/2+ level excited by the reac- 
tion 90z,r(d,p) 91 Zr (8). The quoted (d,t) spectroscopic strength was 0.15. 
Assuming the 1.196 MeV level of the present work to be l/2+, we obtain a 
similar strength of 0.14. Thus the magnitude of the (d,t) cross sections 
of this level measured in the present work are consistent with those of 
ref. 8. This provides further credence to the data's accuracy. 

In figure 9 are tabulated the energy levels, momentum transfers, as- 
sumed spin and parity assignments, and spectroscopic factors, which were 
made on the basis of DWBA calculations, for 21 of the observed 26 ^Zr 
levels. Several of the Al = 2 and 4 transitions have been identified in 
other reaction studies such as (p,p')(5), (p,d)v®), ( a, ny) ( 7) , and 
(d,p) (8>9,10) which lead to excited levels of 91Zr. All Al = 2 transi- 
tions are assumed to excite 5/2+ levels, except for the level at 2.036 MeV 

which was previously reported to be 3/2+( 6, 7, 9, 10) , All Al = 4 transi- 
tions are assumed to excite 9/2+ levels, except for the level at 2.186 MeV 

which was previously reported to be 7/2 + (6>10). The six Al = 1 transi- 

tions could be either l/2" or 3/2", but it is to be expected that the 
lower lying Al = 1 transitions are l/2“ levels. 

In figure 10 are shown the summed spectroscopic strength factors for 
each shell. If we consider the 1.196 MeV level to be 5/2+, we have a sum- 
med strength of 1.92±0.38 as compared to an expected summed strength of 2. 
The excitation energy of the center of gravity of these various 5/2+ levels 
is computed to lie at 0.442 MeV. Assuming that all Al = 4 transitions are 
9/2 + levels (except the 2.186 MeV level which was previously identified as 
7/2+) , we obtain a summed strength of 8. 78±1. 75 as compared to the expected 
value of 10. The excitation energy of the center of gravity of these vari- 
ous 9/2+ levels is computed to lie at 3.19 MeV. Among the six Al = 1 
transitions, the levels at 3.229-, 3.468-, and 3.568-MeV have also been 
previously observed in the (p,d) work(®) to be Al = 1 transitions. Most 
likely, most of these lower lying levels are l/z~ and will account for most 
of the expected strength of 2. However, it is expected that one or more of 
the higher lying levels represent neutrons picked up from the ^V ^/2 shell. 

In summation, for the 92z, r (a^t)91zr reaction, there is confusion as to 
why the 1.196 MeV level seems to be a Al = 2 rather than Al = 0 transi- 
tion. However, the expected strength of the 2d 5/2, lgg /p* and 2pwg shells 
is essentially observed. Furthermore, the departure or the level structure 
of ^Zr and 93£ r from what one would expect in a single particle model is 
to be expected from previous (p,p')(5) and (d,p)(h0) vork where attempts 
were made to explain the level structure of 91zr as resulting from particle 
(hole) -core coupling. In fact, many of the levels of 91zr reported in the 
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present work are presumed in refs. 5 and 10 to arise from such coupling 
schemes. Consequently it should he no surprise that one observes such 
significant fractionization of the single particle strength in the struc- 
ture of 9-*-Zr and From the spectroscopic strengths measured in the 

(d,t) reaction, one can conclude that ^ 2 Zr ground state is roughly 76 °jo 
(Sdg/g) 2 , 3 'Jo (3sw 2 ) 2 , 9$ (Sdj/g) 2 ! 801(1 12$ (lgy/g) 2 - Tll i s agrees reason- 
ably^well with the conclusion on 9 2 Zr ground state reported in the (p,d) 
work'®' and (d,p) work(8). 
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Figure 1. - Electronic arrangement. 





























4.785; p 3 /2 
4.716; f 7 /2 
4.618 



735 

646; d 3 /2 










DEUTERONS 3 

PROTONS^ 

TRITON S c 

BOUND STATE 
POTENTIAL 

V R 

94.7 

54 - 0.32 E + 0.4 (Z/A U3 ) + 24[(N-Z)/A] 

165 - 0.17E-6.4[(N-Z)/A] 


a R 

.802 

0. 75 

0. 72 

0.67 

r R 

1. 15 

1.17 

1.20 

1.27 

w v 

0. 22 E -2.7, OR ZERO, WHICHEVER IS GREATER 

46 - 0.33 E - 110[(N-Z)/A] 




11. 8 - 0. 25 E + 12 [(N-ZI/A] OR ZERO, WHICHEVER IS GREATER 



a l 

.841 

0.51 + 0.7 [(N-Z)/A] 

.84 


r I 

1.36 

1.32 

1.40 


r COUL 

1.25 

1.25 

1.3 


X 
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E = INCIDENT LABORATORY ENERGY 
3 PRESENT WORK. 

b BECCHETTI. F. D. AND GREENLEES, G.W., PHYS, REV. 182, 1190 (JUNE 1969). 
c TORSTEINSEN, T. , PRIVATE COMMUNICATION. 


Figure 3. - Optical potentials used in DWBA calculations. 
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Figure 4. - Comparison of experimental angular distributions with 
theoretical IDW8A) calculations for the observed excited levels in 
”Zr induced by the reaction ^‘Zrfd, pl^r. 
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Figure 4. - Continued. 





Figure 5. - Excitation energies, momentum transfers assumed spin and parity assignments, and 
spectroscopic strength factors for excited levels in 93 Zr, 
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Figure 6. - Spectroscopic strength factors for levels excited in the reaction ^Zrfd, pl^Zr. 
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fer of 0 and 2. spin and parity assignments, and spectroscopic strength factors 
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Figure 10. - Spectroscopic strength factors for levels excited in the reaction ^Zrld.t/^Zr. 
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